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Service References C.R.D.D./%(2)956/10/1/2
and authority 0.3.Proc.No.33931
LB /18 (A.M.R.)
hustralian Projects B.C.1417 and 1419

1. Objccts of Investigation:

(a) To prepare nitrocelluloses types i and B, suitable for usc in British
cordites by "mcchanical” nitration of 35 per ccnt. alpha-ccllulosc pulp of
Paper, Wood Cellulose (PiC) grade made from"Pinus radicta,!

(b) To convert the nitroccllulose into o represcntative serics of
British cordites.

(¢) To dctermine the chemiccl and ballistic stability of cordites so
produccd.

2., Scopc of Investigations:

& U.K, mission, consisting of ur. R.V.E2ton, D.S.RK.N.P.F.,
Mr. C.S.Livingston, S.R,.0.F., Bridgwater, ir. E,Brown, P.S.0., C.R.D.D,,
Dr. 4. Lovecy, P.S.0., C.R.D.D.,visitcd Jsustralia in the period licrch to
Junc 1947, to observe the early part of the trinls and to ndvise on thuir
conduct. Ir. B. Browm attcnded the trinls from .pril 2nd to Junc 27th 1947
inclusivc and was particulnrly concurned with the conversion of the
nitrocclluloscs into cordites and with the drafting of detniled programnes
for the stornge trials of the gun-cordites.

4 supply of Board, "Tood Cellulese, (B7C) had becn prepnred in February 1947
by iwustralian Poper linnufocturers Limited at their lelbournc and linryvale
mills in Victoria, iLustralia from 85 per cent. alpha-ccllulesce pulp of FiC
grede derived fran "Pinus radiata".  This consignment of boord vas horder
than had been specificd, but it was nccessary to conduct trinls with this
materinl in order to aveoid the deloy incvitable if fresh bonrd wre avnitcd.

Nitrocelluloscs of noainal nitrogen contents of 12.2 and 13.1 per cent.
werc propared from the board in the mechanical nitration plant At tho
Australion Government Explosives Factory at Mulvala, N.S... during iinrch,
4pril and ilny 1947. Two boiling-schemes for stabilisation of the nitrocclluluses
werce investigated: ono was bascd on the system used for nitrocelluloses for
amcricon smokeless powders and the other on the British 4-boil systom, in
order tJ comparc the rclative stabilising efficncies of the two proccdures
and hunce arrive at the most cconomical scheme of stabilisation in respect
of fuel and wntcr consuaption.

Exploretory trinls to determine the suitability of the nitroccllul scs
for cordite monufacture werce carricd out by mcking thea intoasmcll lots of
Cordites N, NQ, NFQ, IINF ~nd SC on the full-scale corditc plant at the
Explosives Factory, iloribyrnong, Viectoria, in april, .iny ond Junc 1947.

The programme of storage trials given in 0.B,Proc. N..33931 for the gun-
cordites weas discussed at icetings of represcntoatives of the sustrolian
departaents concerned and it was agrced to lengthen the periocd and a0dify sonovhat
the conditions of stornge. arrangencnts for stornge, laboratory testing
and firing of tho gun-cordites werc made, and a detniled progroiuc drafted
for each iten.




3. Conclusions:

48 foreseen when the prograame of trinls wes drafted, 85 per cent.
alphn-cellulose pulp from "Pinus radinta® is linble to give & hard board
from which it is difficult to produecc shreds vhich are easily nitrated and
stabilised., It will probably be possible to make & board softer thoan that
vith vhich thc trinls have so far been conducted.

Solvent and scmi-solvent picrite-based cordites wverc made vithout
difficulty from the boord supplied. Cordite S.C. showed 2 tendency to
speckiness, particularly in the case of nitrocellulosc stobilised by ULK.
schecmes of boiling, but the speckiness could be reduced by about 25 per
cent. additional hot rolling of the shoet. The corditc so obtained wns
suitable for usc in gunsy cordite of a physicnl quality Judged suitable
for use in rockets was approached, but not quite recached.

4, Further work:

The trials in australia orc continuing. 4 second supply of
Board, Wood Cecllulosc, hns been obtained which is softcr than the first
consignment, although its bursting strength is still undesirably high.
Mechanieal nitration to & nitrogen content of 12.2 per cent. with three
types of stabilisation, is in hand in comparison with High-alpho-cellulose
Board and shredded PW'C. The nitroeclluloses will be tested by manufacture
into Cordite S.C. On the basis of this trial it is hopec to devise a
practical and ceconcmienl scheme of nitration and stabilisation of B/C
for use in the preparation of the cordite for the storage trials.



RuPORT

ik Introduction

The annual production of hustralian-grovn by-product cotton is
inadequate to meet the cellulose requireinents of iustralia's wartime
propellant menufacture, and, in consequence, tc achieve independence of
oversoas supplies, The use of wood ccllulosc hns been developed in
Lustralia to such on cxtcnt that it has bocn possiblc to mect the demands
of the Australian Scrvices for 2ll gun-cordites nand 75 per cent. of smell
arms corditcs from the Australian-grown timber "Pinus Radicta, (Tho
menufacturc of corditcs for rockcts has not yct been attempted in dustralia,)
Prescnt proctice is to usc the wood collulosc in paper form as domanded by
Specification DCTi 934 J (which is bascd on 4,165 I), cnd this material
(Paper, Wood Ccllulosc - PiiC) has been successfully uscd for the production
of cordites 1k.I, MDT, W, WM, SC, HSC, NFQ, N and NQ.

These cordites have 2ll been preparcd from nitroccllulosc of cither
12.2 pcr ccnt. or 12.9 pcr cent, nitrogen, made by the displecement process
in the australian Government Explosives Factorics ot lleribyrnong and Ballarot
in Victoria. The Ballnrat Frctory has now been dismentled ond the only
disploccuent nitration plant remeining in sustralic is at Maribyrnong,
This plant is much too small to mcet wartime rcquircmonts. ° Thoro is,
hovicver, o Govermacnt Explosives Factory at ilulwele in Now South Velcs
vhich vns erccted during Torld “nar II for the manufacturce of the American

- single-basc propcllonts NH, FNH ond IiR. This factory has o capoceity

of about 6000 tons per ycar of nitroccllulosc, which is amplo for
australian roquircrients, but the nitroccllulose is preparcd by the
"mechonical nitration process.

The .mcrican propellants for which the Mulwaln Factory wes built
rcquirc the usc of "High-ulphn-ccllulwsc" wood pulp. This contoins
92-95 per cent. alpho-ccllulosc and is preparcd by opplying o cold
olkali refining treatment to pulp of PUC grade (85-86 per cent. alpha-
ccllulosc). Very considerable cconomios would be offceted if the alkali
rofining proccss could bc dispensed with, and the usc of PUIC grade itsclf
in the mecheonical nitraticn plant ot ljulwvale would bo very attractive,

The australian Departicnt of lunitions ccnsogquontly proposed
that consideration should be given tou the usc in British cordites of
rechanically nitrated wocd pulp of P./C grade derived frca "Pinus Radiata™,
If this werc acceptoble, it would be possible for saustralin to take
advantago of the nitroccllulosc monufacturing capacity of the llulwala
Bactony. or qll nitrcecllulose requirsciacnts,

Thoe proposal gave rise to the following tcchnical problcimss -

1. VWhether Nitrocellulosc Types 4 and B made fraa wood cellulcsc
by thc nmechanical nitration process will be acceptable for ~ll naturcs
f corditc in Service.

2. hether PIC grade pulp without alkeli refining is suitable for
the shredding and imcchanical nitrntion operations,

As regards 1, the information available from .mcrican and Germon
proctice, togethor with the rcescarch work alrcady carricd out in tho
C.R.D.D. to correlate nitrocellulosc characteristics with cerdite
propertics, suggested that the adoption of mcchanical nitration, per se,
vias not likcly to introduce scrious difficulties.




.48 rogards 2, PUC pulp hos o rather higher contint of "ccmenting
ingredicnts" than have High-alphi.-ccllulose pulps, from vhich such
ingrcedicnts arc largely cxtractcd in the refining process. Hence it wios
possible that with pulp of P./C grade, berrds might be less rcadily obtained
with the physical propertics necessary for satisfactory shredding and
uriform nitretion (Keference 1).

At a mcctlng of rbprLSbntctIVCS of the Australinn sunitions Department
and intcrcsted UK. Departments at the Ordnance Board Officcs on
29.8.46, o programme of trinls wns approved covering the mechnnical nitration
of 85 per cent. alpho-cellulose pulp derived from "Pinus rediatoa",
conversion of the nitroccllulosos into various corditcs and storage trials
of thc cordites, The programmc is given in 0.B.Proc. No.33931, and tho
rclevant portions arc summoariscd in Appendix 1.  The production trials of
the nitrocclluloses and corditcs werc schcduled to bc carricd out in
Australia, and the stornge trials in both U.K, and Australia where
practicable.

It was decided that represcntatives of the U.K. and Conodion
Government should be prescnt ot the production trinls in Australiz, and o
U.K. mission visitced Australic during the period iiarch to June 1947 to
obscrvc the carly part of the trials and to advisc on their conduct.

The mission consistcd of:

Mr. R.V,Baton D,S.R.N.P.F,

lir. C,S.Livingston S.R.0.F., Bridgvnter.
ur. E,Brown PLiShlQhy CoReD;, D

Dr. A.L.Lovecy BSOS, C TR DD

The trinls werc carricd out at thc Australian Govornmont Explosives
Foctorics at licribyrnong, Victoria and Mulwale, N,S.°/, under thc gencral
-dircction of the Explosives Committcc of the Austrulian Depertiacnt of
Munitions., Mr. E. Brown attcnded the trials fram April 2nd to June 27th
1947 inclusivc and wns mainly conccrned with the cenversion of the
nitrocelluloses into corditc and with the drafting of the detailed
progromnes for the storage trinls of the gun-corditec items. The prescnt
rcport deals chicfly with thesc two matters, and also includes data on
the pulp, the board and the nitrocélluloscs used in the manufacturing
trials of thc corditces.

2, Objects of the trial

(a) To precparc nitrocclluloscs, Types -~ and B suitable fur use in
British corditecs by the mechani cnl nltr ti n of 85 per cent. nlph~-cellulose
pulp of FiC grade made fram "Pinus radinta',

(b) To convert the nitrocelluloscs into o reproescntative scries
of British cordites for guns, smell aris and rockets,

(¢) To determine the chemicel and ballisitic stnbility of corditcs
so produced,

3. HMothods cmploycd

Pulp 12 tons of Pinus radicta kraft pulp werc aveilnble frua o 15-tun
1ot which had bcen propared anG bleached according t5 PiC procedurc at the
Heryvale mill of Australian Paper linnufacturcrs Litd. during Scptumber 1946,
The amanufocturing date on the pulp are given in Appendix 2,



Board This supply of pulp was converted into approximately 10 touns
of Board, Wood Cellulose (B7C)¥, Consignaent 1§o.202, on No.1 wachine of
the Prince's Bridge, llelbourne mill of A.P.iL Ltd. on 24.2.47, The
requirenents specified for the board were: moisturc content to be not
greatcr than 10 per ccnt.,caliper to be in the range 39 to 45 mils and
chcrical properties to conform to D.C.T.H., Specification 934Jsi.c. it was
to havc physical propertics similar to thosc of High-alpha-ccllulosc Board,
but was to bc chemically similar to P¥C,  Boarding was carricd out at a
machinc speed of 50 ft./min. and at a production rate of 1 ton/hr., pressuro
becing applicd in thc first and sccond presscs and onc nip cllowed in tho
calender; all clean broke was roturned to the beater-room for ro-usc in
the furnish. The board was formed dircctly on the machine into rolls
having o width of 30 inches, with a dinmcter not cxcceding 36 inches
(Refcrence 2).  The manufacturc was observed by I.N.O,

Nitroccllulose During liarch 1947 about 3000 1lb. of BU/C Consignment
No.202 werc mechonienlly nitrated to a nominal nitrogen content of 12.2
per ccnt., and about 5500 1lb. to & nominal nitrogen content of 13.1 per cent.
In ordor to avoid a densc shred, it was found nccessary to run the shredder
at its lowest feed-ratc, which reduccd the output of the shredder to cbout
half normnl, The dricd, shredded pulp for nitration contained about
0.8 per cent. nmoisturc. A nitration-time of 1 hour, double that used for '
High-alpha ccllulosc, was adopted in order to guard agninst cxcossivo
anounts of "acctonc-insoluble" in the product.

Two methods of stabilisaticn werc investigated:.cnc was based ca the
Ancrican system uscd at the Explosives Factory, kMulwnla, for the preparaticn
of the nitrocellulosc required in the monufacturc of Dupont's single-basc
poviders NH, FNH and IMR; thce othor was based on the British 4-boil systei
as laid down in Specification CS.1154.

For stabilisation, the nitrocclluluses of 12.2 ond 13.1 per cent.
nitrogen obtained from the shred werc cach divided ianto two halves, with
precoutions to cnsure, ns far as possible, that the two hnlves for cach
variant werc identical.

Onc half of the 12.2 per cont. N nitrocclilulose wms stnbiliscd by o
scheie similar to that usced for Ancrican "Pyro nitroccllulosc, viz.
40 hours boil in liquor of acidity meintained within the 1limits 0.25
to 0.5 per ccnt. reckoned as HoSQ,, 5 hours boil in fresh ordinary
precess water, 5 hours boil in fresh ordinery process vater, the boilings
being corricd out at a termperaturc above 95°C. in an unlinod Wrooden vat
fitted with & central kicr-pipe and a rccording therioacter, The vat
vs £illed to the norial depth with weter, but as the nitrocellulosce load
was 2000 1lb., ccmparcd with the norinl load of 7500 1lb,. (with 87,500 1b. vater)s
stabilisation tock place at o considurably lower nitrocclluluse cuncentraticn
thon normal., The nitrocellulosc ws then puapoed through two Jordan
rcfiners in scrics, at o concentration of approxinately 0.9 1b. per gnllon,

¥ It was decided by the Australian Explusives Cuaaittoe (Reférunce 3) to apply
the name "Board, Wood Cellulosc™ and the letters "BWC" to designate board

nade fron 85% alpha-cellulose pulp of A0 grade dorived fraa "Pinus radiatal,
The naiac "High-alphn-ccllulose Borrd? and the letters "4CB" arc applied to
boord aade fron 92-93 per cent. clpha-cellulose pulp of a grade suitable for
Alericnn.siokeless povuders and derived from "Pinus radiata".  The name "Paper
Wool Cellulosc™ and the lettors "BWC" arc used to denvte prper aade froa 85

per cent. alpha=-ccllulosc pulp to Specification DCTL 934 J.




and reduced to a satisfactory fineness. Subsequent treatuent given was
"poaching” by thc following series of boilings in wooden vats with cone-
stirrcrs:

Onc boil of 4 hrs. with 0,02 per cent. Na2003 solution
Onc boil of 2 hrs. with frcsh water
Two boils of 1 hr. each with fresh vater,

and finishing by passing on to the Packer screen, blanket run and vacuum
filter, and centrifuging to o moisturc content of about 42 per cent.,
This lot of nitroccllulosc wes designated "SP7".

The other holf of the 12.2 per cent. N nitroccllulose was stabiliscd
by o scheiac designed to approximatc as closcly to the British 4-boil
systom laid down in Specification CS 1154 as could be monnged with the
dmericnn type of plant ot the Explosives Factory, ifulwala. The boilings
wierc: 12 hours in vioter with an initinl acidity less than 0.1 per cent,
calculated as HpSQy, 12 hours in ordinary process water without the
addition of ccid cr alkeli, 4 hours in water with additions of soda ash
totalling 44 1b,., 4 hours in vatcr with additions of scdn ash totalling
30 1b., 4n unlined woodcn vet fitted with & central kier-pipe and a
recording thermometer vas used, and the temperaturc was maintained above
97°C. The 1oad of nitrocellulosc was again 2000 1b. ond the vat was
filled to its normel depth with water. Pulping had to be cerricd out by
one pass at a concentration of 0.9 1b./gallon through two Jordan
refiners in scrics and onc pass through o singlc Jurdan refincr, instcad of
using o Hollandcr beater, This lot »f nitroccllulose vins finished by
vnshing twice by dccantation with ordinary process water in a woodean tub,
passing through the Packer screcen, over the blanket run and vacuua filter,
and centrifuging to a moisture centent of about 42 per cent. It ws
designated "SP8".

The two halves of the 13.1 per cent. N nitrocellulose were treated
sinilarly, cxccpt that éa; the vat-load was 3800 1lb. nitroccllulosc,

b) the length of the initi~l boil in the
anerican scheme of stobilisation was 60 hours, os is adopted f£or Anerican
"Higrade" nitrwsccllulose,

‘ ' (¢) two additional L4-hour boils with sodiun
carbonate solution werce nccessary aftcr finishing in the casc of the
British scheie of stabilisation in order t5 achicve satisfactory
stebility as indicated by the B, & J. test. The 13.1 per cent. N
nitrocellulose stabilised by the amcrican scheme was designated "G3" and
thet stabiliscd by the British scheme "G4".

Nitration and stabilisation of lots SP7, SP8, G3 and G4 werc carried
out in the plant in the Nitration Arca of the Explosives Factory, Mulwale,
and wierc obscrved by liessrs. Eaton ond Livingston and Dr. Lovecy. The
plant used wns that installed for the preparation of nitroccllulosc for
Dupont's Snokeless Powders NH, FNH and IR, and is described in C.R.D.D.
Report Nv.106/R/47 (Refercncc 4). Two Progress Reports and o camcntary
on the manufacturc of the four lots, by Dr. Lovecy, arc given in
Lsppendix 3, which contains also the monufacturing data for the four lots.

In April and liny 1947, an attenpt wos nade ot Mulwala to repeat the
British-typc schene of stebilisation of 12.2 per cent. N nitrocellulosc
fraa BTC Consigniient No.202 with the full load of 7500 1lb, nitrocellulosec
in the vast. For this trinl the currcnt Australian practice for British -
type nitroccllulosc was adoptec of adding chalk instead of soda ash to
obtain the specified alkalinity of 27 parts CaC03 per 100,000 parts of



liquor for the two 4-hour boils., This lot of nitrocellulose was designated
"SP9",  lianufacturing data are given in /ppendix 3. The result of the

B. and J. test at the end of the 4th boil was 1.6 mgn. nitrogen/gm. which
considerably exceeds thc specified liait of 1.0 mgn./ga. At the cnd of

the 4th boil the 7500 1lb. was therefore divided into portions, which wecre
given respeectively the following supplemcntary treatments:

Lot SP9/3A Boilced for 4 hours at a tcaperaturc above 9756 i e
wooden vat fittcd with a ccentral kicr-pipe in Yan Ycan
watcr, the alkalinity of which had bccn brought up to
the cquivalent of 27 parts CaCO3 por 100,000 by the
addition of soda ash, pulpcd for 5 hours in a Hollander
beater and given two poachings and normal finishing
troatment.

Corricd out ot Explosives Foactory, iiribyrnong.
Dry weight: 644 1b.

Lot SP9/3B Given two L-hour alkalinc (soda ash) boils as for lot SP9/
3. pulped for 3 hours in o Hollander beater ond given
two ponchings and normal finishing trecaticnt.
Carricd out ot Explosives Foctory, pioribyrnong.
Dry weight: 496 1lb.

Lot SP9/2 Pulped in the Jordan rofiners to o satisfactory fineness
and given three 4-hcur boils, the liquor being brought to
the specifiod alkalinity by the eaddition of cnlecium carbonato.
Veshed by decantation in the poacher tub, grit-run,
Packer=-serceoned, vacuum-filtered and centrifuged.,
Carricd wut ot Explosives Factory, Hulwala,

Lot SP9/1 Pulped in the Jordrn refincrs to a satisfrctory fincness
ond given two 4<hour buils, the ligquor being brought to
the spocificd alkalinity by the addition of soda ash.,
Toshed by decantation in the poacher tub, grit-run,
Packer=-scrccned, vacuum-filtercd and centrifuged.
Carricd out at Explosives Factory, ulwale.

The preparation of the SP9 scrios of nitrocclluloses was not obscrved
by thec Iission.

Cordites The nitrocelluloscs were transferrcd by road in air-tight
containcrs frum the Explosives Factory, liulwala t0 the Explusives
Factory, Meribyrnong, a distance of approximately 160 miles., On rceceipt,
cach lot (with the cxcoption of lots SP9/34 ond SP9/3B) was blended, during
the course of which it wns passod through o Nitrocellulose Breaker tvice
tu open up any undesirable agglomerates,

Exploratory trials to detcerminc the suitability of the nitrocclluloscs
for corditec manufacturc werc carried out by moking thew into small lots of
selected cordites on the full-scale plant at the Explusives Factory,
Maribyrnong.

Cordite N/S 16L-0L8 iix 6B

Nitroecllulose G3 wns made into Cordite NQ/S 134-040 Mix 7B
T [ Bl My R " éCorditc N/S 164-048 Ifix 8E
Cordite NQ/S 13L4-0L40 Mix 9E

i sp7 d 0 Cordite SC 109 liixes 2E & 3E




(Cordite SC 109 lixes 1E & LE

Nitroeellulose SP8 was made into ECordite NFQ/S 168-048 Mix SE
Cordite MNF 150 Mix 5E

g Siegy/ g e G Cordite SC 109 ‘ Mix 10E

L sp9/38 " ot Cordite SC 109 Mix 11E

¥ Spg/2 w n oo Cordite SC 109 Mix 128

Mixing of nitrocellulose and nitroglyecerine for all the cordites, and,
in the case of Cordite S.C.,, for the addition of carbamite, was done by
the "Wet ix" process. The wet-mix plant at iaribyrnong is of the "Ring-main
and Tundish" type and closely follows the plant used during World War II
at R.N.C.F. Holton Heath; one point of differcnce is that the wet-mix tank
is oetagonal instead of circular in cross-section and is not fitted with
baffles. Since the quantities of nitrocellulosc used in the trials were
too small to permit of the operation of the ring-main, the required
quantities of nitrocellulose were weighcd into the filtration tank and
stirred with .the normal proportion of water for half-nn-hour to produce
a well-dispersed suspension. Wet-mixing was done at 2arc, Truck -drying
of paste-sheet was carried out for the normal time of 27 hours using cir
at 2 temperaturc not cbove 50°¢. For cordites made by o solvent process,
the paste-sheet was crumbled before drying by menns of a ridged roller
attached to the end of the paste-sheeting table.

Incorporation, pressing and stoving of the solvent eordites followed
U.K. practice and specifications e¢losely. Velland picrite of a specific
surface of 10,000 to 12,000 sq.cms./cc. was used for cordite NF7 as well
as for Cordites N and NQ. The solvent for cordites N and NY was
20 per eent. of 92/8 acectone/water., The press-cylinders were londed
with the aid of a lever-stemmer. Six dies per plate werc used and the

cordite wos eollectod by being run up a table and cut with a rotary knife

‘of the Caerwent type.

The semi-solvent ecordite MNF 150 was made with 10,000 to 12,000
grade picrite to the same composition as Cordite NFQ but with the inelusion
of 0,075 pcr cent. Condelilla Woax, vhich ws added at the incorporation stage.
The dough from thc ineorporator was ecold-rolled six times with a roll-gap
of 0.15-inches, and the sheet so produced truck-dried for 3% hours with air
at 50“C. and matured for about a day, the residual V.il, content of the sheet
then being 3.5 per eent. Hot-rolling consisted of 15 bouokfold posses with
a roll-gap of 0,08 inch and a roll-temperature in the range 32°¢, to 36°C.
Pressing was carried out using normal Cordite S.C, plant and Curdite S.C.150
dies, Thc die was mointained at o temperature of 62°C, and the extrusion-
pressurc was 600 x 11.69 1b./sq.in.

For Cordite S.C. a normal Greenwood and Batley 20-ineh wide rolling
mill was used. The standard milling proecdure was: scrap, 3 passes;
virgin paste, 5 passes; wedded sheets, 3 passes, all at roll-temperatures
in the range L4°C. to 48°%C. and at a roll-gap of 0.08 inch; the passes were
done with the sheet ocrranged in bookfold form. The milling procedure was
varied on oecasions as stated in Section 4 below, in attempts to reduce
speckiness of the shecets. The surfaece of the rolls was blemished in
places through previous usec: after the enrly trials the rolls were reground
and it was in this state that they werc used for the experiments with
Cordite S.C, made fran the nitroecelluloses of the SP9 series.

Squarc-ecutting and blocking followed R.N.C.F. practice. In the ecarly
trials the temperature of the cordite blocks was not well eontrolled, but



for the SP9 trials, Jacketted heating tanks combined with blanket-wrappings
for the blocks were installed. .

Pressing was carried out in a hydraulic press with a2 cylinder of 5
square cross-section as at R.N.C.F. The die temperature was about 60 C.
in the early trials, but was maintained within the range 62°C. to 65°C.
for the SP9 trials. Cordite S.C.109 dics were uscd, and the cord collected
on a recl. In thc carly trials the rcecling gear was not corrcetly
adjusted and tcnded to cause stretching of the cords: this wes rcctified
for the SP9 trials.

It was not practicable to usc 12.2 per coent. N nitroccllulosc mndo
from P77C by the displacemcnt proccss as a control in the monufacturing
trials of Cordite $.C.,so pastc-shcet for Cordite S.C. (lot 47X12) mado in
Moarch 1947 from such nitroccllulosc vas adoptced as control. ]

Chalk, as specificd, wos added during manufncturc of the cordites,

In onc or two instances vwherc the normal amount of chnlk had not boun added
to thc nitrocellulosc in its finishing stages, adjustiicnt ins made during
corditc manufacturc. Samples of thc cordites nt various stnges wicre token
by the Australion Navy and Army Inspcection Depeartiicnts for cxrmination.
Mrnufacturc of the corditcs wes obscrved by Lessrs. Brown, Livingston

and Eaton,

Storage Trials The mhnufrcturing trinls cnrricd out during the
period under review wicre cxplorantory, and the cordites made in them will
not be used for the stornge trinls specificd in the progromiac laid down
in 0.B., Proc. No.33931. Smnll quontitics of thesce prelimineary cordites
arc however to bc sclccted and subjccted to clinntic storage trinls with
obscrvation of checmicnl and physicnl propertics,

Mrnufacturce of the bulk quantitics. of cordites for the 0.B.Proc.
No.33931 storage trinls will await the develipucnt f ncthods of
manufacturing nitroccellulose vhich is satisfoct ry s regords chemical
stability and suitability for processing into c.rdite for rockcets. The
scheme of stabilisation to be adopted for the nitr ccllulese wins not
specificd in the programme and remnins to be deterained by trinls which aro
still in progress: the schemc odopted will not nccessarily be the British
or American schemc mentioncd above but 1idll be the shortest consistent
with both acceptable stability and cconoiy in fucl ~nd watcer. TG Sl
shoull be found nccessary to ndopt differcnt scheucs of stabilisation for
the Australian and for the U.K. types of stabilisation plant, it is at
present intended that thc programmc sh.ould be cnrricd through cumpletcly
with nitrocellulosc stabilised by o mcth.l suitable for Australien plant,
and that the portions of the progreommc dernling with Cordites SU, SC,

NFQ and N should be duplicated with nitroccllulesc stabilised by a method
suited to  British plant.

The storage trials for gun cordites outlined in the prugrrmme in
0.B.Proc.No.33931 had bcen criticised by S.P.R.I. .f C.R.D.D. on the
grounds that .

(i) o duration of one year would only clear the corditos for
e Sorvice life of 6 yecars at 90°F.,and

(ii) storage of thc picritc-bascd cordites under damp conditions
ves not included.




The matter was discusscd at a mecting of represcntntives of D,C.R.D.,
D.A.S., D.0.F.(4), C.R.D.D., with A,i.R., at Shell iiex House, London, England
on 27.2.47., at which it was agreed that it would be preferable that storage
should be for 0, 6, 12, 24, 36 and 48 months instead of for 0, 3, 6, 9 and
12 months, and that storage at 100°F, (dry, continuous) should be replaced
by storage under I.S.A.(4) conditions if suitable facilitics could be
provided in Australia. It was arranged thot ur. B. Brown should discuss
thesc points with the Australian authorities, and mcotings for the purposc
were held ot linribyrnong on 15.4.47, 2.5.47 ond 24.6.47 (Reforences 5, 6, 7)
at vhich the Australinn Explosives Cammittece, the Explosives Foactory,

" Moribyrnong, the Munitions Supply Leboratorics ond the Australion Navy and
Army Inspcction Departments werc represcnted. The cxtension of the stornge
period to clear the full Scrvice lives of the cordites wns thought by the
Australian authoritics to bé most desirable: arrangcmonts werc madc for the
provision of storage facilitics, including thosc for 1.8.4.(8) trials of

the picritc-basecd cordites. In anticipation of o decision on the type of
stabilisation to be epplicd to the nitroccllulosc, o detailed progromme

of storage, laboratopy tosting and firing was dravm up for cach gun-corditc
item and wos approved at the meeting on 24.6.47. 4 summary and o copy of
cach programme arc given in ippendix 4.  The modifications to the length
and conditions of storage of the trials will rcquirc approval by the Ordnonce
Board of the U.K,

The ronge ot Port Tekefield was visited by ilessrs, Browvm and Livingston.
A4 larger heating chomber is to be installed and it wes considered that the
rango would then -be suiteble for the gun-firings in the 0.B.Proc. Nu.33931
prograomme,

i, Rosults

Board The results of mcasurcments mande by the Munitions Supply
Loboratories on B'/C Consignnent No,202 as received arc given in Appendix 5.
This supply cof B7C was foirly satisfactory for caliper, ‘but it was rather
variablo in bursting strongth. Morcover, its moan bursting strcngth vas
about threoe timos that of board made from High-alphna-ccllulosc pulp aond
its moan density about 25 per cent. greater; it was considerably stronger
and scmovhat denser than board obtained from PVC grade pulp in o pilot
manufacturce which had been carricd out a few months previosusly on o 1-ton
scale. australion Poper llonufocturcrs Lid. were of the opinion that it
might be possible to cbtain a board of lower density by meking adjustments
on the board machinae.

It voas rcaliscd frcom the outsct that this board was undesirably
hoard and that cven with the reducecd rate of shredding adopted 1t would
give an appreciable cmount of dense "stringy" shred. - However it wos
decided to continuc trials with this matcrial to avoid the delay
inevitable if fresh board werce awaited. |

Nitroccllulosc  The rcsults of mensurcients by the Explosives
Factorics at Mulwlo on the-nitrocclluloscs made from B'C Consigniacent No,
202 erc given in aAppendix 6, It is secn thot it ws not possible to
obtein stable nitroccllulose, as judged by the B. and J. Test, fron this
supply of board consistently if the builing scheme wins rostricted to one
approxinating to the 4-boil scheome used in the U.K., although naterial
setisfactory as regards stability wns obtainable with 6 boils or with the
U,S. systcm of boils,
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Cordite

Solvent Cordites The manufacture of the solvent cordites N and
NQ from nitrocellulose lots G5 and G4 proceeded normally. The product
was normal in appearance and the weights per 100 inches werc the same os
when nitrocellulose made by the displacement process fram PUC and the
same dies arc used. No difference was noticenble between the
behaviours of G3 and Gi.

The manufacturce of Cordite NF) 164~048 fram nitroccllulosc SP8
proccecded normnlly. The product wes satisfactory, with o weight per
100 inches of 630 grains, vhich is comparablc with current production at
Moribyrnong, allowing for therc being no wet waste at the incorporation
stage.

Scmi-solvent cordite Corditc MNF 150 iix 5E frou nitroccllulosc
lot SP8 wns the first scmi-solvent corditc made at uiaribyrnong. No
difficultices in manufacturc werc oxpcricnced, and thc shcets hot-rolled
rcadily in spite of the fact that the picritc used was conrscr than that
adoptecd at R.N.P.F., Cacrwent, The dricd sticks werc satisfoctory having
the highly polished surfocce chorncteristics of the scmi-solvent product.

Cordite S.C. Corditec S.C. Mixcs 2E and 3E mode from nitroccllulose
lot SP7 (Ancrican-type boil) and mixes 1E and 4E made froi nitroccllulose
SP8 (U.K.-typec boil) bechaved normally during wet-mixing. The pastc sheets
were slightly morc cracked on the surfacce and at -the cdges than noruaal but
not sufficicntly to cnusc any trouble in handling; thce paste-sheets also
shoved slightly morc scmi-gelatiniscd specks than normal, thesc being
soiewhat nore frequent in the sheets from SP8.

ot-milling of the corditc from SP7 with 3 + 5 + 3 passcs gave a
gelatiniscd sheet which wes slightly specky ccipared with U,.K, cxpericnecec,
although not more so than sheet obtained norielly ot Maribyrnong froa
displaccrent-nitratced PWC. The shect was considerably acrated owing to
the peor surface of the rolls, On pressing this sheet, all specks
cxcept an ocecasional one disappcared, and the cord was rclatively free
froio specks although it had 2 slightly rough surfoce: noranl Curdite S.C,
prcsscd at the same tine was very similar. The gencral quality wns judged
as acceptable for gun-cordite, but, mainly owing to acration, not good
cnough for rockets.

'3 + 5 + 3 passes with the corditec from SP8 yiclded a specky sheet,
which on pressing gave o specky cord with & rough surface. Giving tvo
cxtra passcs through the rolls to the virgin sheet, moking o total of
3 + 7 + 3 passes, considerably reduccd the speckincss of the gelatinised
sheet, although it still contained o large nuaber of specks about F-inch
in diamecter. On pressing, this material gave a cord of normal Australian
quality, i.c, suitable for gun-cordites but not good cnough for rocket
cordite,

The weights per 100 inches for thesc cordites appronched the normal
value for Cordite S.C.109 from the same dies, but they arc not reproduced
in this report sincc it is known that the rceling gear wmghot working
corrcctly during their nmanufacturec.

The specks in the gelatiniscd shect werce examined cheauically and
confirmed to be mninly ungelatiniscd nitroccllulose. The stages of the
processing wiere checked by visual cxanination and by coiparative trionls
with paste made fraa norial PWC, and it was cstablished that the additional
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speckiness obtained from nitrocellulose lot SP8 was not due to.errors in
processing. " .

Possible explanations of the greater speckiness with SP3 than with
SP7 were that:

(i) the long boil of the American type tends to give nitrocellulose
with a wider range of nitrogen contents, which is thought likely to
promote easc of gelatinisation.

or (ii) Hollander beating is morc suitable for short-boiled nitroccllulosc
than Jordan rcfining.

Microscopic examination of nfitrocelluloscs SP7 and SP8 did not reveal
any marked differcnce between the two, apart from a possibly slightly
greater coarscness and clustering with SP8. .

An attempt to comparc thc effect of the Hollander beater and the
Jordan recfiner was made in the full vat-scale stabilisation by the ULK.
type scheome in the SP9 scries of nitrocclluloses.

The nitroccllulosc variants lots SP9/3A, SP9/3B and SP9/2 wvicre
made into cordite S.C.109, using,as o control on the milling operations,
Paste Iiix No.47X12 vhich had been made in piarch 1947 from nitrocellulosc
lot Test 672 (made from PWC by the displacement process; a blend of 4-boil
ond 7-boil, with a settling test valuec of 78). The threc variants wet-
mixcd casily, SP9/2 being slightly morc "porridgy® after the addition of
carbemite. Behaviour on the paste-sheecting table wios cxecllent, the
sheects coherecd well and werc free from large specks of semi-gelatinised
matcrial.,  The shecting table had been repeoired during the previous weck,
ond, during the first shecting of the Cordite S.C. from SP9/34, there
werc secveral stoppages for adjustment of the new cloth and the vacuum
system; this causecd some of the SP9/3A pastec-sheet to be over-compacted
on the tablc and might partly account for the excessive speckiness
subsequently cncountered with this variant.

The normal milling prOCcdurg 3 + 5 + 3 passes between hot rolls gave
an almost clear gelatinised sheet with the control material, but gave
excessively specky sheets with the three experimental variants and the
cord pressed frcm them vas nlso specky and of poor surface., With threce
additional passes of the wedded sheet, moking 3 + 5 + 6 passes in all,
variants SP9/3B and SP9/2 (uixes 11E and 12E respectively) gave both
shoet and cord as good as the control sample; these werc Judged to be of
good gun-cordite quality and appronching rocket-corditc quality. Three
further passes through the rolls, moaking 3 + 5 + 9 passes in all, did not
offect any inprovement.

Variant SP9/3A (Mix 10E) was very specky throughout and the specks
vere not recduced to an acceptable degree by prolonged rolling.

The results arc given in detnil in Appendix 7, along with photographs
of typical portions of the gelatinised shects. Therc sceas $0 be
an indication that the tendency to speckiness was reduced by additi . nal
boiling during stabilisation (cf. Mix 10E - 5 boils - very specky; iix 11E -
6 boils - nmuch less specky; Mix 128 - 7 boils - slightly loss specky than
11E). Couparison of Mixcs 11E and 128 seccas to indiente that Hollander
beating and Jordan refining vicre siailar in their effoets regording
speckiness allowing for the fact that iix 12E had one more boil thon
Mix 11E,
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Rolls with reground surfrces werce used in the ailling trinls of the
SP9 series. Aeration of the sheet was very much less than occurred
in the SP7 and 8 series before the rolls were reground. The surface of the
rolls appeared to require further polishing and when this has been done
abnormal aeration of the corditc should not occur. The acration present
in the shcets appenrs os whitish smudges on the photogrophs.

The detoiled results of choemicnl and physical cxomination of the
corditc made in the trinls werc not available when the author left
Austrnlia.

S0 Conclusions

As forcsecen when the progromae of trials was draftced, 85 per cont.
alpha-cecllulosc pulp from Pinus roadiata is likcly to give o hard board from
vhich it is difficult tp producc shreds which arc nitratced ond stabilisecd
as ensily as when in the form of pnper. Solvent ~nd scmi-solvent
picrite-bnscd cordites were made without difficulty from nitrocclluloscs
preparcd from the consignment of hnrd boord supplicd, but corditc S,.C,
showed o great tcndency to speckiness with the nitroccllulosce boiled by
the U.K. schene. By thrce passcs morce than normal through the rolls the
speckiness could be rcduccdesso that Cordite S.C. Jjudged suitable for use in
guns could be obtainced; o physicol quality suitable for use in rockets wes
approached but not quite achicved.

It wvill probably be possiblc to mnke a softer boord by adjusting
conditions on the bocrd-moking machine and such & binard might give less
difficulty in shredding, nitration and strobilisation thon the hard board,
Consigniient No.202, with vhich thc trinls so far have beeon ecarriced out.

The speckiness obtaincc in Cordite S.C. nny have been indircctly
connected with the hardness of the bonrd uscd wr mry bue Cuc to an intrinsic
property of nitroeccllulosc made by shredding and imechonical nitration,

c.g. it is probable that ncchanical nitration gives nitroccllulosc with a
sanller range of nitrogen values thon the disploccucnt process and this
tends to increasc the difficulty of gelatinisation during prucessing into
solventless cordite. Souie confirnaticn of the latter hypothesis uny -’ be
given by the foect that Cordite S.C. wmade froa nitroeccllulosce derived from
the soft High-alpha-ccellulosc Buard by shredling and imcchanical nitration
hns been specky.

6. Further work

Austrolicn Paper Manufacturcrs Ltd. have attciopted to anko o softer
BWC froa 85 per cent. alpha-cecllulose derived fraa Pinus roadinta. The
procuct of the trinl designnted Consigmuent No.203, has "off-aachine®
characteristics as follows:

colipor - 32 to 38 iails.,

density - 0.40 to 0.54 oz./sq.ft./410 nils.
Mullen bursting strength - 85 to 118 1b./sq.in.
noisture - 2,6 to 10.4 per cent.

Absut 10 tons of this quality arc available. This consigniaent is an
iproveiient on Consignuaent No.202, although its bursting strength still
cxcecls that of High-alpha-ccllulosc Board,

Inforimation has recently been reccivel privately frua sustralin that
trials have bcen coxienced with this supply of bonrd. High-nlpha-ccllulose
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Board and shreddel PUIC will be tried in porallel with the B'C in an attempt
to clucidnte the probleas aentioned in the conclusions above. Eoch
ccllulosc will be wechanically nitratel to 12.2 per cent. N and 1000 1lb. of
each nitrceclliulose will be given respectively the following scheues of
stabilisation:

(1) 12 +12 + PT + 4 + &
(ii) 12 (acidity 0.25 to 0.5 per cent.) + 12 + PJ + 4 + 4
(iii) 40 (acidity 0.25 to 0.5 per cents) + 5 + 5 + PJ + 4 + 2 + 1 + 1

The time of nitration will be 60 mins. for BiWC Consignment No.203 and

30 mins. for the High-alpha-cellulose Board and the PUC. The alkalinity
of the alkaline boils will be obtained by thc use of sodium carbonate.
Pulping will be by Jordan refincer and will preccde the alkaline boils

in view of the indications in thc trials so far conductcd that thesc boils
are morc cffective when applied to the nitroccllulosc in pulp form. e
nitrated by displaccment and stabidiscd by the normal U.K., 4-boil schemec at
Maribyrnong is to be used os a control.  All the nitrocclluloses will be
tested by monufacture into Cordite S.C.
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nitrocellulosecs fram BC Consignnent No.202,

15.
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Programe of trials of gun-cordites
(Extracted from 0.B. Proc. No.33931)

Propellants for trial

Item Naturc of Cordite Form and size Equipment in vhich to be

tried etc.
5 sS.C. Cord 109 For Q.F. 4.7" ik.12.
6 NFQ S/168-048 do.
7 MNF S/168-048 do.
8 Wi Cord 017 For trials in Q.F. 25-pr.,
9 Y Cord 061 1st and full charge.
10 i T/211-100 For Q.F. 25-pr. supercharge.
1 N S/164.~048 For Q.F. 3.7" Mk.1.
12 N9 Cord 018 ; For trials in Q,F. 25-pr.,
13 N Cord 050 1st and full charge.
14 NQ S/134-040 For N.F. 25-pr. supercharge.
16 NOF/P Cord 128 For B.L. 6" ndk.23.

Storage and testing

Chemical analysis, stability tests and firing trials should be
carried out on reprcscntative samples of 2ll types and sizes after
0, 3, 6, 9 and 12 months continucus storage at 80°F., 100°F,, ond 120°F,

Location of trials

] . and firin%
Gun and S.A. cordite climatic/trials to be carricd out in duplicate

(i.c. in Australia and U.K.). This also applies to rockct cordites
where practicable,

Details of gun trials

Each individual firing should comprisc thc normal propellant proof
routine, but if standord rounds arc not cvailable in sufficicent quantities,
any good lots of normel cordite of proved ballistic stability could be
used in licu provided thorc would be no brenk from ono lot to another
throughout the 12 months trial of cach cxperimentnl cordite,

The Australian cuthorities concerncd to be advised that, for cach
oxperimental cordite, the same barrcl should be used at all firings and
for no other purposc whotever while the trials arc procceding.

Control samples

The monufacture of norm~l cordites for use as control samples
for the trials wos decided ogainst.

Quantitiocs to be monufactured

The Australian authoritics concorned to decidc what quantitics
of cach type and sizc to moke.
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Appendix 2
Pulp used for manufacture of BWC Consignment No.202

llanufacturing Data

Cooking Data (Taken from A.P.l, laryvale Weekly Statistics, w.e. 28.9.46)

Tlood Quality Type Pinus radiatao
0.D.Value 47,75
Density 2o Gl feus £t
Cooking Alkali on 0,D.Tood 25.47% Nap0
Conditions Sulphidity 21,67
TR Liquor ratio dssttve A
Black liquor in
total liquor 15.45%

Cooking pressure 80 1lb./sq.in.
Time to precssure 1 hr. 53 mins.
Time at pressure 3 hrs. 7 mins.
Total cooking

time. 5 hrs.
Unblcached Permanganate Number — 14.9
Pulp Quality Viscosity 4.8 seccs.

Blcaching Dnta (Taken from A.P.M, Maryvale Weckly Statistics, W.c.5.10.46).

Bleaching Pulp consistcncy 1.967 0.D.
Conditions Aveilable chlorine  3.8% on 0.D. pulp
Blcoching time 1 hr. 24 mins.
Bleachcd Pulp Permanganate Number 4.9
Quality Viscosity (27 solution) 2.9 secs.

 hsh 0.35% on 0.D. pulp
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appendix 3
PROGRESS R.:PORT ON PROJECT E.C. 1417

by 4.L. Loveey

ilarch 31st 1947

Ra¥W 1LWTERIAL:

Approx. 10 tons of Paper "Jood Cellulosec Board were supplied, the
folloving characteristics have been determined: -

Physical Chemical

Caliper 0,039 - 0.048 Lignin (HpSO, test)
02s /8ge £5.70.01" 0,58 - conforms
Mullen burst, 1b./sq.in.:- Ash 0.5

Max. of 12 shecets, dry 160 Ash, insol. 0.1
N o R R w "9y Ethcr-sol. 0,03
SHREDDING

Prcliminary shrcdding-tricls indicated that o low feed rate was
ncecssary to avoid o densc shred, and for the trial manufoccturc the lowiest
fced-rate was adopted, viz. 31 r.p.m. corrcsponding to 47 ft./min. :
= 1,000 1b, shred/hr./rccl. Thus thc output from the shredder was about
5077 of normnl but this was amplc for the production regquired in the trial.

NITRATION

The dricd, shredded pulp os nitrated contained about 0.87 moisturc.
In the "2.2N" manufacturce, pot charges were 40 1b. pulp + 1760 1b. acid,
as for Pyro; in thc M3,1N" manufcturc, pot charges werc 25 1lb. pulp +
1100 1b. acid, i.c. 257 grocter thon for "High Grade®,

Following the results obtnincd in the preliminary pot nitrations, the

nitration-time was incrcascd to 1 hr. for both types of N.C. This step was
token mainly to guard agoinst cxeessive amounts of acctone-insolublc in the
procduct., The nitrator throughput was thercfore about 50, of normnl

(per pot).

Dipping, nitration, wringing, ond drowning opcrations procceded smoothly
and do not call for spceinl co.uient. The pulp was not in ony woy
renarkable as regards dustiness or immcrsion bchavivur, although it was
apprceinbly less "bulky" than the norial run of shredded alphn board.  No
fires occurrcd throughout the trinl. analysis of the nixed acids uscd
arc given in Table I.

In order to provide identicnl batches for lung (U.S.) and short (U.K.)
stabilisntion schemes (sce Project E.C.1419), the charges frou the wringers
were collected in the drowning tub Curing each coaplote cycle (i.c. 6 pots of
12.2, or 8 pots of 13.1) and thc drovming tub contents puaped alternately to
the two boiling=-vats, i.e. after alternate cycles.,
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BOILING

"Short" The procedurc adopted for the U.K. method wes rs follows:- the

acic liquor puaped over with the N,C. was drainel off, the vat rc-filled with
fresh water, droined agein and re-filled., With both 12.2 and 13.1 types of
N.C.; after this trectiuent the liguor ceidity was below 0.1 enlculated as

HoS0;, from a titration to methyl orange. This arbitrary limit was ndopted
as o likely approxination to the liquor concdition in normael U.K, procticc.
The tecnperature wves then raisced to boiling point and nnintoinet for

12 hours; the tciperaturc registered on the recordcr wos checked agoinst a
standardised theraoncter, vwhich was nlso usced to confirn that the

terperature was above 97°C. throughout the vat. The circulation induccd 1
by the central kicr-pipe ws obscrved to be vigorous in all coscs.

Liquor snmpples for acidity determinations werce token at 2-hour
intervals throughout boiling, but nc attempt vas nade to regulate the
acidity cnce the boil had started. Soae spall additions of water werc
nade fron tine to tine to compensatc for losses by leckage.

After the first boil, the ligquer was draincd off, the vat re-filled,

drained, and re-filled again. The sccond boil wes then corricd out, with
regular tests of tho liquor, but no-addition of aecid or alkali throughcut bt |
the boil,

The sccond boil liquor was draincd. off, the vat re-filledl, ~nd Jrained
agein., The calculated requircnent of scodn ash (30 lb. for npprux. 100,000 1lb,
water), dissolved in weter, was then siphonel in vwhile filling up with
water, and the third bceil then corricd cut, (In the ense of this third
boil of the 12,2 N.C., it wos noteld that the alkalinity wos only 19 pts.
per 100,000 at the end of 1 hr.,cnd & further 8 1b, of ssde ash wes added.
After o furthor hour the alkalinity was found to be 23 pts.,ond on addition
of 6 1b. sodn ash was made. This procedurc vos not aloptel in any. other
casc, sincc the specification defines only initial alkalinity f the
weter to be used.)

The fourth boill was carried out in a similar way to the third.
"Long" The procedure for the U,S. method of boiling was as follows: -

By partial drainage of the acid liquor from the N.C. ( as reccived in

the vat from the drowning tub), and adding fresh water to mnke up, the

acidity of thc liocuor at the comncnccment of boiling was adjusted to cbout 2
0.47 as HpS0,, and boiling then maintained, for 40 hours in the casc of ;
“12.2, 60 hours in thc casc of 13.1. During this timc, acidity tests wiore :
made on the liquor at 2-hour intcrvals. Whenever the necidity rcached :
0.5 a8 HoS0), , samc liquor wis drawvm off and replaced by fresh watcr, thus '
meintaining the acidity within the- speeificd limits of 0.25 - 0,507 os |
H230y, . The boiling timc of 40 hours is rcckoncd cxcluding any pcriods

vhere the rccorder shows less thon 95°C. (due to liquor - adjustments).

After the acid boil, the liquor wns drainced off, the vat rce-filled,
draincd, and rc-filled with frcsh vater in vhich a 5-hour boil was then
carricd out, The slightly acid liquor from this boil wes then draincd, cte,
and o furthcr 5-hour boil given. 4% the conclusion of this boil +the
liquor was only slightly acid.

It is to bc noted that in thesc trials coch vat was filled to the normel
depth with watcr, but the quantity of N.C. wos much less thon usunl, being
about 2,000 1lb, for cach of the 12.2 batches and 3,800 1b, for cnch 13.1 batch,
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as against 7,000 1lb. N.C. plus 87,500 lb. water forming the normal vat-
load. As a result, the boil acidities given in Table II have a somewhat
different significance fram those met with in normal production.

PULPING, and Finishing

Each batch of N.C. was passed through two Jordans in series, the
concentration being approximately 0.9 1lb./gallon. No obscrvations of
particular note arosc fram this operation; and satisfoactory fineness was
achieved. The short boil 12.2 N.C. was given & sccond passage through thg
Jordans, but this had little offeet on settling test - 74, decrcasod to
{iic

At the completion of the Jordnn treatment, tho "short boil" (U.K.)
nitroecclluloscs were passed dircetly to o tub where they were vweshed by
decantaotion and then to the Packer vibratory sercen, over the blankot

run, and finally weshed on the rotary vacuum filter prior to wringing for
dospatch to Maribyrnong.

In the case of the "long boil" (U.S.) nitrocellulosec, the Jordan
trecatment wos followed by the customary "pooching", camprising b0111ngs
in vats with cone stirrers, as follows:-

Onc boil of 4 hrs. with 0.02 ' NopCOz solution
Onc boil of 2 hrs, with fresh water
Two bcils of 1 hr. cach, with fresh water

After this, the N.C. passed un to the Packer screen, blanket run,
and vacuum filter as above,

Analytical rcsults on the finished N.C's are given in Table I, and
boil liquor test results in Table II.
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PROGRESS REPORT ON PROJECT E,.C. 1419

by &.L. Lovecy

March 31st 1947

At the 21st meeting of the E.C., it was agreed that provision be made
for a comparison between the U.S. procedure for stabilisation of Nitroccllulose
and the U.S, procecdurc, in conjunction with the nitrations of Paper Wood
Cellulose Board to 12,2.0 and 13.1,” N.C's under Project E.C. 1417. 4s the
quantitics of N.C. being produccd for that project arc rclatively small,
it was decided to carry out the U.K. boils on the same scalc as the U.S.
boils; leaving open the question whether the N.C's boiled by U.K. process
should bc converted into all the naturcs of corditc cnlled for under E.C.
1417, or only a sclected sct of itcms. In particular, it wns considerecd
that thc outcome of the comparison of boilings will ennble ~ decision to be
reached os to which scheme shall be adopted for the monufacturce of 12.2 N.C.
required for rocket charges under E,C.1417, as this monufacturc is not
rcquired immedicotely.

Accordingly, twin batches of opprox. 2,000 1b., 12.2 N.C., and twin
batches of approx. 3,800 1b., 13.1 N.C. have been nitrated (sce Progress
Report on Project E.C.1417). Onec batch of each N-content has been
stabilised in accordance with the U,.S. methods, the remaining batches
becing treated according to U.K. procedure., Actually, sincc the plant at
Mulwela is designed in conformity with U.S. practice, it was not possible to
simulate in exnct detail the U.K, conditions of stabilisation laid down in
C.eS.1154. However, it is considered that the desired conditions werc
sufficicntly closely attained for a valid comparison to be made. For
canpleteness of rccord, the following items in which scme departure from
the C.S.1154 conditions could not be avoided are noted:; -

1. Absencc of lining of vat - this provision has been wived in ULK,,
hovwiever, as n wror-time mensure.

2, Duc to the small size of N.C, batch, the water/MN.c., ratio was
abnormally high.

Sic Instead of upward disploaccnent between builings, draining and
re-filling of vots was oadopted.

L, Owing to the high acidity of the N.C. slurry entering the vat from
the drovning-tub, 2 preliminary cold weshing was instituted, to give an
arbitrary liquor-acidity wvalue of P> 0.1,7,calc. as HQSOA?at the outset,
Normally, thc acidity ot this stage is not controlled.,

5. The sccond boil ves corried out with ordinary process weter, without
alkali added; U.K., practice genvrally cmploys calcarcous wnter, of
specificntion alkalinity, for all boils.

6. The alknlinity of weter used in the third anl fourth boils wos
provided by adding the calculated rcqulrclvnt of NopCO3 (in solutiun)
during the fllllng of the vat,

7o In pulping the N,C,, after cuapletion of builing, Jordnns were used
instcad of hollonder beaters.
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iSile Instead of the usual washings in potchers, of the vortex or paddle
types, two decantation washes were carried out, in tubs with cone-stirrers,

and followed by a final wash on a rotary vacuum filter.

The results at present available are summarised below: -

' ] |
N.C. | Stab. | N, |Ash Acetone B.A. |B&J Heat M, V. -
Type Cepng . 5 Insol. Sol. Test Test l
Uu.s. 12,19 {0.23 | 0.20 ‘ 99.6 | 1.02 25 30! !
12,2 1
UK, |-12.29 [0.39 | 032 | 99.5 | 0.99 | 25 | 30 |
Additional information, on 11.4.47:-
i ’ | !
U.S. 13.09 , oS
(uncorr.) | .
o | | e
U.K. 150 Tl 0254 %01 (1G5 1.95 | -, l

6. A
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General comments and obscrvations arising from the trial manufocturc of
N.Cs. types A and B fraa B.7.C. (Project E.C.1417).April 2nd 1947

by A.L.Lovecy

The following notcs supplement the Progress Reports doted kinrch 31st,
which for rcasons of clerity, werc limited to o description of opcrations
carricd out ~nd rcsults obtained, with only o minimum of comiacnt and no
general discussion. The prescnt comments arc not confincd to tho trial
alonc but includec somc morc gencral rcemerks on the plant and processes, :
oand comparisons with U.X. practice; the various menufacturing operations arc
dealt with in their normnl sequence.

As regords row materinl, it was realised from the outset that the
P.7.C.B. supplied (Cons. 202) wns undesirobly hard.  After preliminary
cxperiments it was decided to continue the main trisl with this material,
to avoid the deley inevitnble if fresh board were ordercd. Vith this hard
board, normal shrcdding did not “opc¢n up" the texturc to a satisfactory
cxtent., By reducing the shrcdder feed-roll speed 2 considerable improvement
wes cffected but cven at the lowest spced (co. half moximum) there was an
apprcecinble amount of dense "stringy" shred formed. Quitc apart from any
othdr consideration, the physicnl naturc of this board puts up the cost of
shredding due to rcduccd output per kuvh.

Turning to the nitration stage, the results of pot nitrations showed
cxcessive acctonc~-insolublc in scven out of ecight nitrations of 30 minutes
duration, vhercas porallel nitrotions of 60 minutes duration gave acgeptable
acctonc -insoluble valucs in seven out of cight cases. This bchaviour is
cvidently duc to the dense naturc of the shred hindering the penetration of
acid, so slowing=-down the attainment of cquilibrium. As cxcessive occtone-
insoluble occurrcd in short M13.1" nitrations as well as "12,2", the uncvenncss
of nitration is nore dependcnt on the time than cn the acid coaposition.
Hence the cxtension of nitration-timc t0 cne hour wns adopted throughout
the trial. Obviously the nitrator throughput is reduced to nbout 50
per cent. by this change, and the usual balonce between nitraticn ond
wringing cycles is upset.

Evidently board of o softcr quality is nceded for satisfactory output;
sonc difficulty of this kind wms forescen vhen the project wes initiated -
secHONBaEROCHYLIBA It is considcred (on the basis of cxpericnce goined
in the development of the "break-up" wed for S.A.4,) that the requisite
quality should be obtainable by adjusting the board-making conditions,

In particular, the pressurcs at the couch and wet-press rolls should be
kept low, cven if this cnteils o reduction in finished coliper to cuaply
with the moisturc-spccification. The object should be to approximote
the lower limit of the specified weights/sq.ft. per 0.01 inch. It also
sceis desirable that the ilullen burst specification be given in terms of
1b./sq.inch per 0.01 inch thickness if possible, rather than unrcloted
to caliper as at present.

After boiling, the N.C. is puaped directly to the boiling vats, in the
acid drowming liquor. For the U.S. mcthod of builing, requiring a fairly
high initicl liquor acidity, this procedurc is fairly satisfactory.
Adjustnment to the desired acidity-value is rcndily done by partially droining
and refilling the vat, This practicc scciis by no meons ideal fron the point
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of view of uniformity of treatment as between individual vat-loads, since
considerable veriction is inevitable in the acidities of liguors. and the
pcriods of contact with theam prior to boiling. Verictions in the treatment
accorded individual vat loads must also arise froin the practice of
adjusting acidity during the actual boiling, by partial replaccment of
liguor. In principle, it should be possible to eliminote the sccond
source of veriation by a sufficiently closc control of the initial acidity,
though the usc of unlinod vats militates against this, owing to leakage.

In U.K. practicc, of coursc, the Pexternal acidity" is fairly coupletely
removed from the N,C, before boiling begins, as & result of the Theoason
aisplacencnt process, To sinulate this condition in the U.K, boilings

of the trial, the drowning-liquor wins drainec froa the vat, which vas then
re-filled with fresh water, drained, and again filled, in order to obtain an
initial (cold) liquor acidity below 0.1 per cent. as HpSOp. It is well
cstablished that external or liquor acidity contributes relatively little
to the stabilising process; the acidity occluded within the N.C. cxocrts

the najor cffect. Conscquently it would scem sound in prianciple to drain
off the liguor at the drowming=vat and puap to the boiling vats in fresh
woter, thereby avoiding the variations in treatiaent nentioned above., The
relatively high liquor acidity in the U.S. method (0.25 to 0.5 per cent.,os
compared to U,K, 0.05 to 0,2 per cent.) docs, of coursc, have the effeet of
reducing the viscosity of the N.C. but it is not clear whether this is a
delibcrate objective of the schene prescribed. Bearing in nind that o
still longer acid boil is given to the "insoluble" ccoiponent of the. N.C,
blend used for single basc propellants, it scems unlikely thot viscosity-
control is the main objective, 4 further point which nay be of intcrest
is that.o prolonged acid boil would tend to destroy acctonc-insoluble,
under-nitrated material. Viewed as a whole, the system of stabilisation-
boilings laid down in the U,S. specification seems capable of considerable
modification in the interests of economy and of uniformity of product.

In U.K., the whole of thc stabilisation-boiling, including the alkaline
boils, is completed beforc pulping ("beating") the N.C. Work carried out in
4£.,R.D, samc ycars beforc the Tar, however, shoved that by intcerposing the
pulping betwecen the acid and alkaline boils, a saving in over-all time of
boiling could be made, and it is intended to devotc further attention to_ this
procedurc. ° Thus on thc basis of existing information it appecars that the
U.3. order of opcrations is corrcct in principle, but could be curtailed
substantially.

The usc of Jordans for pulping nitrocellulosc is radically different
from U.K., practice, and scveral points arc worthy of notice in this conncection.
Firstly, the Jordan is only applicable dircctly to material clrecady in a
sub-divided state, such as thc shredded pulp, disintegrated pulp, or cotton
linters, which arc the normel materinls uscd in mechanical nitration. When
scroll paper or cotton wastc are employed, as in U.K, displacement plants,
the hollander beaters used arc capable of rcceiving the product dircetly,
whercas Jordans would nccessitate some preliminary "breaking? treatment
being applicd. Sccondly, the Jordans act upon any given portion of o batch
for a short period only, whercas in the holleonder the material circulates,
receiving shearing, crushing end blending treatment, during mony hours,
Hence, to vhoatever degree the rcecmoval of internel acidity, or adhercnt
impurities may be assisted by this mechanical action, the hollander offers
advantages over thce Jordon., Thirdly, from the vievpoint of controlling the
uniformity of the pulping action, the batchwise opcration of the hollander
is preferable to the continuous flow through the Jordan, where the action
may vary unobserved during the passage of o batch, due to changes in spced
of flow, consistency cte, As regards power usage, the canparison eppears
unfavourable to the Jordon, which takes approximately 1 hour to pulp 1000 1b.

8-
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using o~ 300 h.p. motor, i.e, 220 k.w.h./1000 1lb., whercas hollander beatcrs
take 170-180 k.w.h./WOOO ILDg It is of coursc unlikcly thot the Jordan

motor is run at full roted load, but sinec two Jordnns in scrics arc normally
uscd, thc above cstimote is vory conscrvative. Cilleaniy, thel BinstRcosi
maintenance, and labour uscge aust also be token into accuunt in order to
meke an cffective comparison, but that is beyond the scope of thesc notes.

After completion of stabilisation treatment, the pulpcd N.C, is always
subjected to certain final purification processes, involving washing,
removael of magnetic and heavy particles, and screcning. The scrcening,
vhich is not included in U.K, practicc, campriscs passing thce N,C, slurry
through slots 0.022" widc and 4" long in a vibratory bronzc scrccn-platc.
Very littlc is normally rctaincd on the screen apart from cccidental %
contamination such ns chips of wood from tubs, ctc. In view qf thisi, 3€
would sccm logicnl to carry out the screcning at ns latc o stage as possible,
c.g. bctwcen the final slurry tub and thc vringers at the despatch room.
Actunlly, in thc U.S. design, the scrcen precedes the blanket-run, cte.,
and no rcason is scen for this; the situation would be understandable if
any considernblc proportion of over-size N,C., werc being rctoined on the
Screens. In U.K. practicc, thc blanket-run has been superscded by -
centrifugnl apparntus ("Purifuge" and "Erkcnsator™) for the removal of
heavy particles, vhilc compact clectromnagnets have taken the place of the
spaced=-out bar magnets originally uscd in the blankct-run. In thesc
rospects the arrangements at hiulwale secem rather out of date; novertheless,
past cxpericnce shows that such simple cquipment can be thoroughly coffcctive.
After the screen ond blankct-run, the N,C. undergoes o de-wntoring and
spray-vicshing treatment on o vacuuwn rotary filter according to U.S. practice;
this is in advonce of U.K., procecdurc, so far as rcmoval of soluble
impuritics is conccrned. Prosumably a proportion of light, suspendcd
particles arc also rcmoved with the water in this process, which thus
scrves & similar purposc to decantetion-washing; the suiteability of one or
thce other method for removing scun-forming material (of dubious stability)
is clearly depcndent on the circumstances of cach individual factory,
and no gencral prcfcrence con be cxpresscd & priori.

According to prescnt arrangements, the N.C. 1s finally de-wuntered in
centrifugnls of the overhead-drive type, and discharged through base vents
by means of hoand-operated ploughs, being then packed in rubberiscd bags and

transportcd by road to Moribyrnong. The moist N,C. rcccived therc is put
through o thorough blending trcatucnt on o "quartcring" principle, using a
simplc rotary mechanical "brenker™ in the process. For full-sccalce

operation, thc N,C, would thon be converted to slurry, at 1.1 1b./gallon,

in the large blend-tanks and pumped through the ring-main to the mixing-
houses. The stoges frona finished N,C, at Mulwale to the slurry-fced

_at Maribyrnong mixing-houscs arc of coursc very differcnt from the usual
transport within U,XK. solventless plants of the ring-main type, in which

the N.C., is naintained in slurry form from the beaters onward. However,

it is noted that no rotary-drum blending of the vrung N.C. is involved, :
and froa the appcarance of the N.C. as fed to the slurry-tanks it is
considercd that o fully satisfactory homogencous suspension is obtainable

by thc acthods in usc, Thus therc is no rcoson to anticipate speckincss
arising dircctly frou the naturc of the operations involved, provided

duc attention is given to cnsuring uniforn dispersion of the slurry supplicd
to the ring-nain, as ot prescnt.
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Appendix 3

Manufacturing date for Nitrocellulosc lot SPY

Drying and shredding B7C Consignment 202

Temperature Drying

Chamber 210 - 250°F,
Temperature Plcnum
Chamber 310 - 350°p,
Clearance between .
Shredder Blades 0.013%" cold
Mixecd Acid Analysis H,80,, 59.84%
HNOo 0.72%
H,0 16,003
Dilution leaTe
Nitration House Dipping Pot Charge
(Dry Pulp) 4O 1b,
Wt. of Acid 1760 1k,
Dipping Cycle 60 mins,
Temp. (Taylor
Recorder ) 32%.
Wringing L.S., after
charging 1/2 mins,
Wringing H.3. after
charging 3.1/2 mins.
Boiling Tub Hous¢  Tub Charge 2000 1b,

Pulping Housc

Drainage at 409, 110 s=ocs.
Wt. NayCO3 ot
Initial Stuff
tank L4 1b,
Poacher Tub House  Alkalinity 4 hr. boil 0.02 7
Boiling 1 No. 4 hrs. 1 No.2 hrs. 2 No.2 hr,

Wringer House

Boiling 1 No. 40 hrs. & 2 No.5 hours
Acidity 40 hr, Boil
Wt. NapCO3 at Slurry

Tub

Pulping

0025 = 0050’3 HZSO

2 1b,

tank for test,

Vringing ot H.S.
Moisture Content

10.

1.1/2 mins.

Lbout 11.2,;

L

2 Jordans in series and held in stuff
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Monufacturing datn for Nitroccllulosc lot Sp8

Drying and shrcdding BC Consignment 202
Tcmpcraturce Drying
Chambor 210 - 250°F,
Teomperaturc Plenum
Chomber 310 - 350°F.
Clcorance between
Shrcdder Bladces 0,013" cold
Mixcd acid Anclysis HpS0,, 59.8,’
HNOB 23eh84
HNO, . Ois 1,5
H20 16,00
Dilution 16.72
Nitration Housc Dipping Pot Chorge
(Dry Pulp) 40 1lb,
Wt. of hAcid 1760 1b,
Dipping Cyclc 60 mins.
Tomp. (Toylor :
Rccorder) 32%.
Vringing L.S., ofter
charging 1/2 min.
¥ringing H.S. ~ftor
charging 3.1/2 mins,
Boiling Tub Housc Tub Charge 2,000 1b,

" Boiling 1 x 12 hr. (97°C. min.) 1 x 12 hr. noutral
boil (97°9C. min) 2 x & hr. alk, boils (97°C. min.)
scidity 12 hr, boil = 27 * 3 parts. CaCOs por
100,000 0.05 - 0.20 at cnd of boil.

Wt. NapCoz at Slurry

Tub i lbo
Pulping Housc Pulping 2 Jord~ns in serics followed by 1 Jordan
and held in Initinl Stuff Tanks for fincncss tost.
Dreinnge ot 409G, 110 scocs.
Wt. Na2C0z at Initinl
tuff tanﬁ -

Poncher Tub House Double dcennt in poncher tub and then pass
over grit run and vocuuam filter.

Wringer House Tringing at H.S. Yo /2 faing.
l{oisturc Content Lbout 427
11.
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Manufacturing data for Nitroccllulosc lot G3

Drying and shredding BIC Consignment 202
Temperaturc Drying 5
Chamber 210 - 250°F.
Temperaturc Plenun
Chanber 310 - 350°F.,
Clecarance bectween
Shredder Blades @5045™ cold
Mixcd Acid Analysis Hp30y, 60L 52
HNO3 20,495
HZO 12,29,
Dilution 12.99
Nitration Housc Dipping Pot Charge
(Dry Pulp) : 25 1b,
Wt. of icid 1100 1b.
Dipping Cycle 60 mins.
Temp, (Taylor
Recorder) 520,
) Wringing L.S. aftor
charging 1/2 nins,
Yringing H.S. after
charging 2.1/2 niuns,
Boiling Tub House Tub Charge 4,000 1b.

Boiling 1 hr. x 60 hr. plus

2 x 5 hr. wmtor boils '

Acidity 60 hr, boil 0.25 - 0.5073 H2S0y
Wt. NapCO3 at Slurry Tub 2 1b,

Pulping Housc Pulping 2 Jordons in scries and rcturn to
stuff tank.
Drainnge at 40°C., 110 sécs,
Whe Na2C03 ot Initial
Stuff tank. L4 1b.
Poacher Tub House 4lkelinity 4 hr. boil Q02 =
. Boiling 1 x 4 hrs 1 X 2 hreap2 x 1 he, boils.
Wringer Housc Wringing &t H.S. 1.1/2 nins.
Moisturc content sbout 427

120

i il s . s S ek 5
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Manufacturing data for Nitrocellulose lot G4

Drying and shredding BWC Consigmment 202
Temperature Drying
Chamber 210 - 250°F.
Temperature Plenum
Chamber 310 - 350°F.
Clearance between
Shredder Blades 0.013" cold
Mixed Acid Analysis HZSOLlL 60.52.%
HNO3 26,497
HNO»2 0.70
HZO 12.297
Dilution 12.99
Nitration House Dipping Pot Charge
(Dry Pulp) 25 1b,
Wt. of 4cid 1100 1b,
Dipping Cycle 60 mins.
Temp, (Taylor
Recorder) 3256,
Wringing L.S. after
charging 1/2 mins.
Wiringing H.3. after
charging 2.1/2 mins.,
Boiling Tub House Tub Charge 4,000 1b.

Boiling 97°C. 1 x 12, 1 x 12 water, 2 x 4 alkaline
= 27 t 3 parts per 100,000 CaCo
Acidity 12 hr. Boil 0.05 - 0.20,5 HpSOj,
t. NayC03 .ot Slurry
Tub 2 1b.

Pulping House Pulping 2 Jordans in secries and returned to
tuff tank.
Drainage 110 secs,
Wt. Nap,CO03 at Initial
Stuff Tank k. 1B

Poacher Tub Hcusc Double decant in poacher tub and
pass over vacuum filter

Wringer House Wringing at H.S. 1.1/2 mins.
Moisture Content About 427

o
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Manufacturing data for Nitrocellulose lot SP9

Drying and shredding BWC Consignment 202

Mixed Acid

Nitration House

Boiling Tub House

Temperature Drying B

Chamber . . 210 - 250°F,
Temperature Plenum

Chamber 310 - 350°F,
Clearance between
Shredder Blades 0.013" cold
Analysis HpSO, 58.1 2 0.1 4

HNO 25.1 £ 0.1
Dillbion 6.8 & 0.1 A
Dipping Pot Charge 40 1b,
(Dry Pulp)
Wt. of Acid $760. Qi
Dipping Cycle 60 mins.
Temp, (Taylor
Recorder) %2%;,
Wringing L.S. after
charging 1/2 mins.
Wringing H.S., after
charging 3.1/2 mins.

Tub Charge 75500 1bs

Boiling @ 97°C.’1 x 12 hr. acid 1 x 12 hr., water

2 x 4 hr, alkaline = 27 t 3 parts/100,000 CaCos

Acidity 1st 12 hr. Boil 0.05,6 - 0.20,5 H2S0,,
Wt. CaC03 ot Slurry
Tub 2 gy

1.



Appendix

Detailed Programmes of Starapge, Testing and Firing of Gun-cordite Itecins

Sumnary
Projeot 8.C.1417 Firing cnd tosting: at 0, 6, 12, 24, 36 and 48 months. Wormors and cl:mrgos of tho
0.B.P. 33931.Trial No.333 1 1b, for V.iLs ot 1, 2, 3, &, 5, 6, 9, 12, 18, 24, 30, 36, 42 ond 48 months. propollant undor trial for
uso in oharge dotorminntion
not _inoluded.
1
|
1tou| ' " Gross No.of [No.ol No. No. No. of ohnrgos nnd! No.of ' No. of
No, | Cordito . Gun Gun No, [caount of [ Stondard | rds.of|cherges  |Contninor| for for bulk propell~nt |Stor.~.go charges  ohnrgos
' | propt. std. to bo firing| oxon. |[for storngo |1’.omp. for { for
| (1b.) (ino. 5| urdo nt 0 ot O I (°P.) |firing | tosting
i . for up. no<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>